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Outline

 Exomars 2016 and 2018 Missions

 Exomars 2016 Mission Components

 2016 Mission outline

 EDL Key Facts

 EDL Constraints

Entry Corridor Constraints

Landing Site Constraints

 Landing Site Characterisation

Terrain characterization

Hazards identification

 Landing Site Certification

Hazard and Risk Maps

Compliance to constraints
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Exomars Mission Scenarios

2 Missions

 2016 Mission with 
ESA leadership

 2018 Mission with 
NASA leadership
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ESA led ExoMars 2016

2016 Mission Objectives
 Provide Europe with the required technologies for successful entry 

descent and landing of a payload on the surface of Mars 

 Perform investigation on the Martian atmospheric trace gases and their 
sources 

 Ensure communications capability for the 2018 rovers as well as any 
other international assets on the surface of Mars

2016 Mission Components
 ESA provided S/C Composite 

 Entry Descent & Landing Demonstrator Module (EDM) 

Orbiter Module (OM)

 NASA provided Launch vehicle
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ExoMars 2018

2018 Mission Objectives
 Technology Demonstration

 Surface mobility with a Rover

 Access to the sub-surface to acquire samples

 Sample preparation and distribution for analyses by 
scientific instruments

 Scientific Objectives

 To search for signs of past and present life on Mars

 To investigate the water/geochemical environment as a 
function of depth in the shallow subsurface

2018 Mission Components
 NASA provided launch vehicle

 NASA provided EDL (MSL-like, sky crane)

 Rovers

 NASA Mars Astrobiology Explorer-Casher (MAX-C) 

 ESA ExoMars Rover (EXM-R)

 ESA provided Rover Operation Control Centre (ROCC)
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2016 Spacecraft Composite

2016 Spacecraft Composite – 4400 kg launch mass
 Orbiter Module (OM) – 1365 kg

 Orbiter Bus and Orbital Scientific payload package of 125  kg

 Main Separation Assembly (MSA)

 Entry Descent & Landing Demonstrator Module (EDM)

 600 kg, 2.4m diameter EDM with EDL technology sensors

 280 kg Surface Platform with Scientific Sensors
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2016 Mission Phases (1)
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2016 Mission Phases (2)
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Communications

Orbiter

Landed Surface 
Platform 
(8 sols survival)

UHF – Return link only during EDL

Lander

Orbiter

EDL

Hyperbolic
Entry

Primary Link
ESA DSN

Backup Link
NASA DSN

EDM

Separation
3 days 
before entry
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EDL key facts

 Arrival at a fixed date (16-Oct-2016) during Dust Storm Season 

 Direct entry from hyperbolic approach, prograde entry in daylight

 Hyperbolic excess velocity 3.256 to 3.463 km/s

 Separation from OM oriented at EIP attitude with a Main Separation Mechanism 
providing both axial relative separation rate of 0.3 m/s and stabilization spin rate 
of 2.5 RPM at the same time

 Entry 3 days after arrival (19-Oct-2016) 

 co-rotating entry velocities 5.705.83 km/s

 Deployment of a single parachute (Disk-Gap-Band Huyghens type) 

 supersonic deployment and deceleration to subsonic terminal velocities

 EDM sub-modules release strategy with a separation operated at Back 
Shell/Front Shield and at Backshell under parachute/Surface Platform

 RCS: 3 clusters of 3 PWM engines each, directly mounted on the landed Surface 
Platform 

 Active deceleration strategy with g-turn maneuver

 Crushable structures for impact load attenuation
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EDL boundary conditions and constraints

 Arrival at fixed date

 19 Oct 2016, Dust Storm season 
(LS=244), but during Solsticial Pause

• Optical depths less extreme than 
LS=190210 or 300  340

 Constrained targeting

 Optimised mission profile for compatibility 
with Meridiani area targeting, orbit plane 
change to 74 scientific orbit, 
aerobraking, circularization

 Heading fixed to 118125
 Challenges in landing ellipse

 Forced entry azimuth (heading)

 Relevant atmospheric variability

 Compliance with landing site morphology 
and design constraints to be guaranteed

 Landing accuracy vs Entry Corridors
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Exomars EDM vs MER
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Entry Corridor Constraints
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Terrain Constraints

Slopes

Thermal Inertia

Rock Abundance

Radar Backscattering
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Slope Characterization

 Slope constraints apply at kilometer (km), hectometer (hm) and meter (m) scale 
lengths 

 Derivation of Digital Elevation Maps and Slope Maps from
 Mars Observer Laser Altimeter on Mars Global Surveyor  (MGS/MOLA)

• Resolution 463 m/pix

 Mars Orbiter Camera on Mars Global Surveyor (MGS/MOC)
• resolution >1.5 m/pix (3 m/pix typical). 

 High Resolution Stereo Camera on Mars Express (MeX/HRSC) 
• Level-4 products stereo images with 75m/pix resolution 

 High Resolution Imaging Science Experiment on Mars Reconnaissance Orbiter (MRO/HiRISE) 
• offers resolution >30 cm/pix (60 cm typical) allowing production of DEM's with 1 m resolution (~3 pixel). 

 Methods
 Bi-directional and a-direction slope determination from individual altimetry profiles (km-hm)
 Digital Elevation Maps creation from stereo images processing and slope data extraction, 

where images are available (m)
 Photoclinometry (0-D, 2-D), basically derived from MOC images (m-hm)
 MOLA pulse-width at m scale

 Approach followed for Exomars Phase B2
 MOLA (463 m/pix) or HRSC (75 m/pix) data for the km and hm scales
 HiRISE/MOC/CTX (~1m/pix) for the metric scale
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MOLA Shots in EDL-LS1 area

465 m

1 km2 km
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Slopes – HRSC vs MOLA

 HRSC topography noisy in Meridiani

 due to the fact that the ellipse’s area is rather featureless. 

 However 200-m-scale seems to essentially confirm that the slope is compliant at 
hectometer scale except for major (D > 1 km) craters 

 Evaluations are underway to obtain more reliable DEM from HRSC data and to 
evaluate if the area encompassed by craters exceeds the 5% of the ellipse.

MOLA 300 m HRSC 200 m
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MOC Stereo and Photoclinometry

Limited Image Coverage
 Twoset available

 1 Stereo couple

 1Photoclino
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HiRISE Stereo
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Rock distribution characterisation

 Viking InfraRed Thermal Mapper (IRTM)

 Coarse

 Robotic Rock Detector

 Refinement from HiRISE images
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Hazard: Craters

 Craters as major hazard for EDL

 Craters (fresh, subdued) are the geomorphological features providing high risk for 
Descent and landing

 447 craters identified between 20 m and 2.6 km in EXM-EDL area
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Hazard Maps

Hazard Maps

 Combined criteria to identify 

violation of constraints

 Criteria weights as per criticality 

of the constraint

 Need clever combination criteria 

to get quantitative risk maps

 Work in progress

 Need to account for limited 

coverage
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meter-scale – MOC / HiRISE Coverage

Additional Coverage required
 located in an area with high concentration of 

crater and ejecta (geomorphological features 
providing high risk for Descent and landing)

Current Imagery Coverage
 MOC 

 E0301763

 USGS photoclinometry DEM, 
Stereo-pair E1203255-E1801595

 HiRISE
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Conclusion (1)

 No critical constraints identified so far

 Thermal inertia and albedo maps appear to be in line with engineering constraints

 Slopes on the large scale hmkm do not show relevant hazards

 Close-up to 10 m scale put in evidence hazards close to crater rims slopes 
exceeding 18 (and up to 58) 

 A limited number of MOC stereo images is available so-far. 

 Photoclinometry has been used for processing, characterisation shall continue in 
order to identify risk rating based on crater distributions and fractional coverage of 
slope hazardous areas.

 MOC stereo and photoclinometry products available for EDL-LS1 will be 
complemented in Phase B2X2, by additional HiRISE and HRSC processing 

 Rock distribution from IRTM images led to the identification from thermal 
emission of rock abundance maxima up to k=0.069,  which is within to Exomars  
specification. 

 To be verified with Robotic Rock  Detection

 Preliminary assessment to be verified upon completion of characterisation

 Landing accuracy to be confirmed
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Conclusions (2)

 The specific configuration of Exomars 2016 arrival, related to the need of 
harmonization between EDL targeting in Meridiani area, monitoring of EDL 
events   and acquisition of the final 74 degrees science orbit is posing some 
challenges for the landing ellipse.

 The azimuth of the landing ellipse ranging 118 to 125 degrees, as well as its 
extension, determines the need of imaging of the target landing area in order to 
prove the degree of compliance of the selected area to the engineering 
constraints that apply for successful EDL demonstration

 With current mission profiles, landing accuracy limit shall be kept to 50 km (3) 
downtrack to provide clearance wrt freash and subdued craters and related 
ejecta
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BACKUP SLIDES
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Photoclinometry (1)

 Photoclinometry (PC) or Shape From Shading (SFS) 
 Infer surface topography brightness of an image
 PC complimentary to stereo: single image used to produce slope maps and 

elevation models at image pixel resolution.
 0-dimensional PC

 Computation of the local surface slope with respect to the areoid normal for each 
image pixel

 Intrinsically generates a-directional slopes
 1-dimensional PC

 Integrates the local slope along a given direction to produce an elevation profile.
 2-dimensional PC

 Least square method to find DEM that match best the image brightness. 
 A-priori low resolution DEM required to get initial conditions for the least square 

algorithm and to fix the final DEM scale factor.
 PC results sesitivity

 Sun position and S/C position and attitude.
 Atmospheric scattering effects and haze.
 Albedo variations
 Image pre-filtering
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Photoclinometry (2)

2D-Photoclinometry

0D-Photoclinometry
FILTER
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Stereo Photogrammetry

Stereo Photogrammetry
 Stereo vision photogrammetry or StereoGrammetry (SG) 

DEM of imaged area at a resolution multiple of the 
original images 

 Triangulation procedure on recognised equivalent point
 Image preparation or pre-processing

• decompression, radiometric calibration, optical distortion 
compensation, ...)

 Bundle adjustment
• Constrain solution to tie points or MOLA shots

 Alignment or co-registration
• Correlation or dense matching (pixel-to-pixel)

 Triangulation
• 3D position of each point wrt reference frame.

 Post processing
• DEM creation, grid regularization, texture mapping, export  

to GIS)

 Ames Stereo Pipeline (ASP) used for Exomars
 Complex problem.

 depending from image quality, surface texture richness 
and occlusions
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Methods Comparison

Photoclinometry
 Single image

 Horisontal resolution at pixel level

 Measurement of integral slopes

 Errors grow with baselength

 Radiometric

 Artifacts with albedo variation

 Scale error if haze not calibrated

 No absolute heights

Prefer photoclinometry when
 Albedo variations not sominant

 Stereo fail to resolve elements

 Stereo matching/editig severe

Stereo Photogrammetry
 Two convergent images

 Horizontal resolution  3 pixel

 Vertical resolution0.2 pix / (b/h)

 Independent of baselength

 Geometric

 Ignores albedo

 Ignores  atmosphere

 Absolute heights require control

Prefer stereo when
 Larger, more representative 

areasampled

 Photoclinometry is compromised 
by albedo variations
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Photoclinometry (1)

 Photoclinometry (PC) or Shape From Shading (SFS) 
 Infer surface topography brightness of an image
 PC complimentary to stereo: single image used to produce slope maps and 

elevation models at image pixel resolution.
 0-dimensional PC

 Computation of the local surface slope with respect to the areoid normal for each 
image pixel

 Intrinsically generates a-directional slopes
 1-dimensional PC

 Integrates the local slope along a given direction to produce an elevation profile.
 2-dimensional PC

 Least square method to find DEM that match best the image brightness. 
 A-priori low resolution DEM required to get initial conditions for the least square 

algorithm and to fix the final DEM scale factor.
 PC results sesitivity

 Sun position and S/C position and attitude.
 Atmospheric scattering effects and haze.
 Albedo variations
 Image pre-filtering
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Photoclinometry (2)

2D-Photoclinometry

0D-Photoclinometry
FILTER
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Stereo Photogrammetry

Stereo Photogrammetry
 Stereo vision photogrammetry or StereoGrammetry (SG) 

DEM of imaged area at a resolution multiple of the 
original images 

 Triangulation procedure on recognised equivalent point
 Image preparation or pre-processing

• decompression, radiometric calibration, optical distortion 
compensation, ...)

 Bundle adjustment
• Constrain solution to tie points or MOLA shots

 Alignment or co-registration
• Correlation or dense matching (pixel-to-pixel)

 Triangulation
• 3D position of each point wrt reference frame.

 Post processing
• DEM creation, grid regularization, texture mapping, export  

to GIS)

 Ames Stereo Pipeline (ASP) used for Exomars
 Complex problem.

 depending from image quality, surface texture richness 
and occlusions
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Entry And Descent
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Descent and Landing


